ABSTRACT. Oyster reefs provide coastal societies with a vast array of ecosystem services, but are also destructively harvested as an economically and culturally important fishery resource, exemplifying a complex social-ecological system (SES). Historically, societal demand for oysters has led to destructive and unsustainable levels of harvest, which coupled with multiple other stressors has placed oyster reefs among the most globally imperiled coastal habitats. However, more recent studies have demonstrated that large-scale restoration is possible and that healthy oyster populations can be sustained with effective governance and stewardship. However, both of these require significant societal support or financial investment. In our study, we explored relationships among how coastal societies (1) perceive and value oyster ecosystem services, (2) recognize and define problems associated with oyster decline, and (3) perceive or support stewardship initiatives. We specifically focused on the SES of eastern oysters (Crassostrea virginica) and coastal societies in the northern Gulf of Mexico, a region identified as offering among the last and best opportunities to sustainably balance conservation objectives with a wild fishery. We found that, in addition to harvest-related benefits, oysters were highly valued for providing habitat, mitigating shoreline erosion, and improving water quality or clarity. Our results also showed that although most respondents recognized that oyster populations have declined, many respondents characterized the problem differently than most scientific literature does. Among a variety of initiatives for enhancing sustainability, spawning sanctuaries and reef restoration were well supported in all states, but support for harvest reductions was less consistent. Our study suggests that public support for maintaining both harvest and ecosystem services exists at societal levels and that enhancing public awareness regarding the extent and causes of oyster decline could garner additional support for stewardship initiatives. Collectively, the societal, economic, and biophysical complexities of the northern Gulf of Mexico oyster SES illustrate the need and public support for developing more comprehensive management schemes for exploited ecosystem engineers.
INTRODUCTION
Species that form coastal habitats such as salt marshes, mangroves, seagrasses, coral reefs, and oyster reefs have been described as "ecosystem engineers" because of their transforming influence on the surrounding biophysical environment (Jones et al. 1994) . These same habitats also provide human societies with a diverse suite of ecosystem services including shoreline stabilization, nutrient cycling, carbon sequestration, food, and recreation (e.g., Millennium Ecosystem Assessment 2005, Naidoo et al. 2008) . However, many coastal habitats have experienced dramatic declines and continue to face natural and anthropogenic stressors including pollution, storms, and climate change (e.g., Jackson 2001 , Pandolfi et al. 2003 , Halpern et al. 2008 . Although the potential for recovering lost ecosystem functions and services exists if natural habitats are sufficiently protected and restored (Lotze et al. 2006) , these investments are often costly, require societal and stakeholder support, and involve trade-offs. Hence, coastal habitats and human societies form dynamic socialecological systems (SESs), linked by the many ecosystem services that have supported civilizations for millennia and by the positive or negative impacts of human decisions ( Fig. 1; e.g., Vitousek et al. 1997 , Chapin et al. 2009 ).
Ecosystem engineers that are exploited for fisheries present an interesting, yet difficult, dilemma for conservationists and resource managers because of the need to balance their ecosystem services with the potential for direct economic gains via harvest (Coleman and Williams 2002, Carranza et al. 2009 ). For instance, Fig. 1 . Illustration of a coupled social-ecological system involving stressors, stewardship, oyster reef health and ecosystem services. Our study design focused on measuring relationships between societal values and beliefs on ecosystem services (a), problem definition and recognition (b-c), and perceived effectiveness and support for alternatives and stewardship initiatives (d-f).
Ecology and Society 19(3): 38 http://www.ecologyandsociety.org/vol19/iss3/art38/ the ecosystem services provided by oyster reefs include essential habitat and foraging grounds for numerous species of fishes and mobile invertebrates (e.g., Coen et al. 1999 , Peterson et al. 2003 , Grabowski et al. 2005 , Humphries et al. 2011 ; erosion control and coastal protection (Meyer et al. 1997 , Piazza et al. 2005 , Scyphers et al. 2011 ; and water filtration, benthic-pelagic coupling, and enhanced denitrification (e.g., Newell 2004 , Piehler and Smyth 2011 , Beseres et al. 2013 . At the same time, few fisheries have been as culturally diverse and symbolic as the oyster fishery (Dyer and Leard 1994, Kurlansky 2007) . Oysters are currently, or have historically been, harvested extensively for food, fertilizer, and building materials, and are strongly linked to cultural heritage in coastal communities (Dyer and Leard 1994) . Unfortunately, because of destructive and excessive harvesting, disease, and predation, oyster reefs are now one of the most globally imperiled estuarine habitats (Kirby 2004 , Beck et al. 2011 . Stewardship strategies such as habitat restoration and spawning sanctuaries have proven beneficial when harvest occurs at sustainable levels (Soniat et al. 2012a) or is restricted (Powers et al. 2009 , Schulte et al. 2009 ), but all of these actions require substantial financial or societal support.
Enhancing the sustainability of a complex SES often requires understanding and navigating the values and perspectives of diverse stakeholders (e.g., Schultz et al. 2005 , Ostrom 2009 , Heberlein 2012 , Menzel and Buchecker 2013 . To contextualize the complex dynamics between communities and exploited resources such as fisheries, many studies have focused on understanding how social factors such as resource dependency can influence the behaviors and outcomes of individuals and communities (Bailey and Pomeroy 1996 , Picou and Marshall 2002 , Stedman et al. 2004 . In coastal regions, scholars have argued that communities may be more or less dependent upon particular resources because of the diversity of economic opportunities, e.g., tourism, maritime industries (Bailey and Pomeroy 1996, Adger 2000) , but also that dependency on the overall health of the ecosystem may be great (Adger 2000, Gill and Picou 2001) . Resource and environmental dependency may also transcend mere economic vitality and contribute to an overall cultural identity in communities (Picou and Marshall 2002) . Hence, understanding societal values, perspectives, and characteristics such as environmental dependency is important for predicting and enhancing support for ecosystem management and stewardship initiatives (Adger 2000), especially when they are costly, require broad participation or large investments, or involve explicit trade-offs (Heberlein 2012 , Rudel 2013 , Tidball and Stedman 2013 , Zander 2013 .
Considering the importance of oysters as a fisheries resource, the diverse ecosystem services provided by reefs, and the multitude of natural and anthropogenic stressors responsible for population declines, it seems likely that achieving long-term sustainability within this SES will require societal support for alternative management strategies or continued investment in stewardship initiatives. To explore the social dynamics within this complex SES, we studied the relationships among values and beliefs, problem recognition and definition, and support for alternatives and initiatives across three states in the northern Gulf of Mexico (GOM). Our study consisted of two independent surveys of coastal residents, both of which measured societal beliefs and values regarding the importance of oyster ecosystem services, current status and trajectory of oyster populations, major causes of oyster decline, and support for or perceived effectiveness of stewardship initiatives.
We used the results of these two surveys and drew from resource dependency theory to explore an overarching hypothesis that values, perspectives, and environmental dependence can influence support for or perspectives on ecosystem stewardship in coastal communities. We predicted that individuals with greater environmental dependence would be more aware of oyster ecosystem services, population declines, and stressors than lessdependent respondents. We also predicted that individuals having greater awareness of oyster ecosystem services, population declines, and stressors would be more supportive of or have more favorable perspectives on ecosystem stewardship than less-aware respondents.
METHODS

Study area
The northern GOM is among the few ecoregions where oysters remain in great enough abundance to support substantial fisheries (Beck et al. 2011) , although complex biophysical, social, and management dynamics have contributed to divergent fishery and population trajectories among different states (Fig. 2) . The physical and ecological factors that affect oyster populations in the region have been extensively studied (e.g., Piazza et al. 2005 , Stunz et al. 2010 , Humphries et al. 2011 , Beseres et al. 2013 , but very few studies have specifically considered societal or stakeholder influences on sustainability (La Peyre et al. 2012) . Ecology and Society 19(3): 38 http://www.ecologyandsociety.org/vol19/iss3/art38/ The Alabama, Louisiana, and Texas coastal communities included in this study were in close proximity to bays and coastal waters recognized to have substantial oyster productivity and reef habitat (Fig. 2; Zu Ermgassen et al. 2012) . Specifically, our surveys focused on the coastal regions surrounding Mobile Bay (Alabama), Barataria Bay and Breton Sound (Louisiana), and Galveston Bay (Texas). In a recent study of historical oyster reef coverage and biomass levels, Mobile Bay, Alabama, was highlighted as currently supporting reefs that were more than 90% of their historical size, but with only 20% of their historical biomass (~100 years ago; Zu Ermgassen et al. 2012) . In Louisiana, Barataria Bay was found to currently contain 45% as much oyster biomass as its historical baseline, but the Breton and Chandeleur sounds were said to support reefs more than 80% as large in footprint with 119% as much biomass as there was historically. Galveston Bay, Texas, was documented as containing reefs that were 83% of their historical size but only supporting 7% as much oyster biomass. Cumulatively, these three states account for more than 80% of oyster landings for the GOM and 40% of all U.S. oyster landings. However, historical and recent trajectories of oyster landings among the states have been much more variable (Fig. 2) .
Alabama, Louisiana, and Texas also provide contrasting examples of management approaches and harvesting technologies (Dyer and Leard 1994 , Dugas et al. 1997 , National Marine Fisheries Service 2009 . In Alabama, the oyster fishery and associated fishing industries have been described as open access, where participation in the fishery is relatively unrestricted (Dyer and Leard 1994) . Historically, the Alabama oyster fishery has been conducted primarily on public oyster beds using hand tongs (reviewed in Dugas et al. 1997) . The fishing economy of coastal Alabama is relatively diverse with processing of shrimp, crabs, and finfish, making it somewhat more resilient than communities solely or heavily dependent on oyster harvest alone (Dyer and Leard 1994) .
In contrast, the oyster fishery of Louisiana relies upon harvest from both publicly accessible and privately leased bottoms and has been categorized as largely closed because of its high level of privatization (Dyer and Leard 1994) . The leasing system, which has been shown to promote territoriality and ownership attitudes that may lead to sustainable harvesting behaviors and prevent illegal activities (Beck et al. 2004) , is built upon a tradition of folk management dating back to the 1850s (Dyer and Leard 1994) . For more than a century, the most common method of harvest in Louisiana has been the mechanical dredge towed alongside or behind a fishing vessel. Dredging has been generally viewed by harvesters as a more efficient oyster fishing technique than hand tonging (Dugas et al. 1997 ), but dredging is more physically disruptive and can degrade the integrity of the reef matrix and associated faunal community (Lenihan and Peterson 2004) . Historically, the Texas oyster fishery has been characterized by landings from a combination of public (~90%) and privatized or leased (~10%) bottom, the majority of which are found in Galveston Bay (Dugas et al. 1997 ). Similar to Louisiana, the primary mechanism of harvesting has been dredging (Ward and Weeks 1994) .
Survey instruments and data collection
The two separate surveys presented in this study were conducted across the three states of Alabama, Louisiana, and Texas between 2009 and 2010, providing a near-synoptic assessment of coastal residents' knowledge and perspectives. Although the two surveys differed somewhat in their format, all were developed with local expert involvement, e.g., academic scientists, resource managers, conservation practitioners, and focused on the same four major themes. The random-digit dial surveys were administered by academic or private polling centers, which surveyed randomly selected adults who were at least 18 years old. For all three states, the sample stratification across counties is provided in Appendix 1.
The Alabama survey was completed by the University of North Florida Polling Lab between September and October 2010, consisted of 64 questions, took approximately 12 to 15 minutes to complete, and had an overall error rate of ±3% for the complete sample (n = 928). The Louisiana (n = 400) and Texas (n = 400) surveys were conducted in April 2009 by Fairbank, Maslin, Maullin, and Associates, with an overall error rate of ±4.9% for the complete sample in each state. For both surveys, sampling was conducted until the predetermined sample size was reached. The survey consisted of 28 questions, and each interview was approximately 15 minutes. Both surveys utilized the following independent variables to describe the demographics of the sample: sex, race, age, education, and environmental dependence. In the Alabama survey, environmental dependence was measured as perceived dependence on healthy coastal ecosystems, and respondents who stated either "a great deal" or "a fair amount" were considered dependent. In the Texas and Louisiana survey, environmental dependence was measured as perceived dependence on a healthy fishing economy, and respondents who stated either "very" or "somewhat" were considered dependent.
The synthesis of these independently conducted surveys was approached with caution to minimize potential bias. To assess potential artifacts related to the slightly different wording of survey questions, the instruments were critically assessed by a panel of natural and social scientists and wording differences deemed relevant remain distinct in our results and discussion. It should also be stated that telephone surveys in general have drawbacks, including the general trend of declining use of landline telephones, but they remain a common approach used by social science and public polling researchers under many circumstances (Johnson and Williams 2013) .
Analyses
We used univariate, multivariate, and classification analyses to explore relationships among values and beliefs, problem recognition and definition, support for initiatives, and sociodemographical variables. First, we tested the effect of environmental dependence, i.e., resource dependency theory, on all categorical response variables using Fisher's exact tests. Second, we created representative scales for the Texas and Louisiana data to collectively describe values and beliefs regarding ecosystem services (ecosystem-services scale), problem recognition and definition (major-causes-of-decline scale), and support for initiatives (support-for-initiatives scale) by testing for internal reliability using Cronbach's α (Cronbach 1951) . When necessary, poorly contributing items were excluded to achieve α ≥ 0.70. When split-sample questions were used in the survey, two separate scales were calculated, and the scale with the highest α ≥ 0.70 was used for further analyses. For Alabama, the categorical response questions regarding overall environmental health and major cause of decline were used in place of scales. Third, we used regression to identify factors that significantly influenced perceived effectiveness in Alabama or overall support in Texas and Louisiana of alternatives and initiatives. For Alabama, we used a multinomial logistic regression model. For Louisiana and Texas, we used multiple linear regression models. Finally, we used classification and regression tree analyses to identify the most powerful predictors of support for restoration, sanctuaries, and marine protected areas (MPAs). Prior to analyses, ordered response variables were converted, with some consolidation and reverse coding necessary, to Likert scores for the data analysis (Agresti and Finlay 1997), and percent responses were also calculated for clarity. Nonresponses and responses of "do not know" or "do not care" were not considered in analyses. All analyses were conducted using the Statistical Package for the Social Sciences, version 21 (IBM 2012), and statistical significance was considered to be P ≤ 0.05.
RESULTS
The two surveys presented in our study included 1728 individuals who represented a broad range of demographic and socioeconomic backgrounds across the three states in the northern GOM (Table 1 ). The proportion of participants who stated that their occupation depended on healthy coastal waters or fisheries was highest in Alabama and lowest in Texas. Of the Alabama residents who were currently employed, 38% believed their occupation directly depended on healthy coastal ecosystems. In the other states, more than half of participants stated that they were currently employed; of those, 29% of Louisianans and 23% of Texans believed their jobs depended on a healthy fishing economy.
Values and beliefs about ecosystem services
In Alabama, the questions pertaining to values and beliefs regarding ecosystem services focused on the importance of oyster reefs for overall environmental health, habitat for fish and crabs, water clarity, and protection of shoreline marsh habitats. All ecosystem services were recognized and perceived to be important, and the importance of oysters for overall environmental health and mitigating marsh erosion was most recognized ( Table 2 ). The perceived value of oyster reefs for protecting marshes was less valued by environmentally dependent respondents, but the provision of habitat for fish, shrimp, and crabs was more recognized by individuals dependent upon healthy coastal ecosystems.
In Louisiana and Texas, residents were asked about the importance of oyster reefs for maintaining water quality, reducing marsh erosion, coastal culture, shelter for marine life, industry jobs, habitat for fish and crabs, foraging grounds for fish, and fertilizer and building supplies. In Louisiana, the ecological functions and services involving foraging and breeding grounds, water quality, shoreline erosion, and fishing industry jobs were considered very important by more than 80% of participants (Table 3) . Habitat and refuge were perceived as more important by environmentally dependent respondents, but perceptions of http://www.ecologyandsociety.org/vol19/iss3/art38/ all other services were consistent across groups. For Louisiana, the ecosystem-services scale with the highest α value included the services related to water quality, shoreline erosion, habitat and refuge, food and culture, and industry jobs (Table 3 ; α = 0.72). In Texas, water quality, habitat, breeding and foraging grounds, and industry jobs were considered very important by at least 80% of participants, regardless of environmental dependence (Table 4) . The ecosystem-services scale for Texas included water quality, shoreline erosion, habitat and refuge, food and culture, industry jobs, and fertilizer and materials (Table 4 ; α = 0.76).
Problem recognition and definition
Surveys across all three states found very few participants who believed oyster reefs were currently in excellent condition or their best condition in recent history, but the extent and timing of inferred declines were less clear. In Alabama, perceptions displayed substantial heterogeneity: more than 40% of respondents believed oyster reefs had been in their best condition within the past ten years, but more than half believed oyster reefs had not been in their best condition in at least 25 years (Table 2) . In Louisiana, 31% of respondents rated oyster populations as "pretty good" or better and only 12% responded "poor" or "failing" (Table 3) . However, 39% believed that oyster populations in the region were in decline. In Texas, 22% of respondents rated oyster populations as "pretty good" or better, whereas 30% responded "poor" or "failing," and 74% of respondents believed that oyster population levels in nearby waters were in decline (Table 4 ). Neither perceived current status nor trajectory was affected by environmental dependence in Louisiana or Texas (Tables 3 and 4) .
Poor water quality and pollution were perceived as the most damaging cause of decline across all three states. In Alabama, 61% of respondents indicated that water quality was responsible for the most damage, whereas hurricanes and other developmentrelated factors accounted for 11% to 18% (Table 2) . Ineffective management and natural oyster predators were perceived as the most damaging stressor by only 3% to 7% of respondents. In Louisiana, water pollution and hurricanes were perceived to be major causes of oyster decline by at least 70% of those surveyed, whereas parasites and disease, shell dredging, and overharvest were considered major problems among at least half of the respondents (Table 3 ). The perceived impact of overharvesting on Louisiana oyster reefs was of greater concern among http://www.ecologyandsociety.org/vol19/iss3/art38/ 3.42 0.335 † Individual ecosystem services, causes of decline and initiatives were posed as separate questions, and responses were used to create a scale for each. For ecosystem services, two separate scales were calculated, and the scale with the highest α ≥ 0.70 is shown. ‡ Question was part of split-sample design. * P ≤ 0.05, ** P ≤ 0.01.
respondents not dependent upon healthy fisheries. The majorcauses-of-decline scale included all potential stressors (Table 3 ; α = 0.75). In Texas, water pollution was the only stressor perceived as a major cause of decline by at least 70% of individuals, but parasites and diseases, hurricanes, and overharvesting were considered major causes by at least 50% (Table 4 ). The environmental dependence of respondents did significantly affect perceptions of major stressors. The major-causes-of-decline scale for Texas included all potential stressors (Table 4 ; α = 0.81).
Perceived effectiveness and support of stewardship initiatives
In Alabama, we assessed the perceived effectiveness of five potential stewardship initiatives for maintaining healthy oyster reefs and oyster fisheries, and these involved increased fines for sewage spills, spawning sanctuaries, restoration, shorter harvest season, and stricter harvest limits. Stricter fines for sewage spills were most often chosen as the most effective option at 39%, followed by spawning sanctuaries at 33% and restoration at 20% (Table 2 ). Perceived effectiveness of stewardship initiatives was not significantly affected by the participants' environmental 0.66 0.911 † Individual ecosystem services, causes of decline, and initiatives were posed as separate questions, and responses were used to create a scale for each. For ecosystem services, two separate scales were calculated, and the scale with the highest α ≥ 0.70 is shown. ‡ Question was part of split-sample design. * P ≤ 0.05, ** P ≤ 0.01. dependence (Table 2 ). In Louisiana and Texas, participants were asked about their support of breeding of disease-resistant oysters, reef restoration and reconstruction, reduced harvest, spawning sanctuaries or MPAs, and management of river flows. In both states, spawning sanctuaries, breeding of disease-resistant oysters, and reef reconstruction were among the most strongly supported (Tables 3 and 4 ). MPAs and managing river flows were consistently among the least supported. In Texas, respondents not dependent upon healthy fisheries were more supportive of restrictions on harvest than those that were (Table 4 ). The effect of environmental dependence was not significant for any other initiative. The support-for-initiatives scale included all initiatives except MPAs in both Louisiana (Table 3 ; α = 0.79) and Texas (Table 4 ; α = 0.81).
We used regression analyses to identify explanatory variables for understanding the perceived effectiveness of initiatives in http://www.ecologyandsociety.org/vol19/iss3/art38/ Alabama or support for initiatives in Louisiana and Texas. Across all three states, we found that perspectives on initiatives were related to perceptions about the causes of decline. For Alabama, multinomial logistic regression indicated that perceptions of which stewardship initiative would be most effective were closely related to perceptions of which stressor was responsible for most harm (Table 5 ). The greatest variability appeared to be associated with stricter fines for sewage spills and spawning sanctuaries. Stricter sewage spill fines were perceived most positively by respondents who perceived poor water quality, pollution, or other stressors to cause the most harm, whereas those concerned with hurricanes and ineffective management were more in favor of sanctuaries and restoration (Fig. 3) . In Louisiana and Texas, multiple linear regression analysis indicated that overall support for initiatives was positively associated with the major-causes-ofdecline scale (Table 5) . We further explored this relationship by graphically comparing mean support for each initiative by individual stressor and among only respondents who perceived it to be a major cause of decline. In Louisiana, the greatest range of support appeared to be for MPAs, which were more supported when overharvesting was perceived as a major cause of decline (Fig. 4a) . In Texas, support for MPAs again appeared to be the most context specific, but in this case, concern about overharvesting as a major cause still only contributed to moderate levels of support (Fig. 4b) . Across both states, spawning sanctuaries and restoration were among the most consistent and highly supported initiatives (Fig. 4) .
To further explore heterogeneity in support for restoration and spatial management, we used classification and regression tree analysis. In Alabama, restoration was perceived as the most effective option by 22% of all respondents and was perceived even more favorably among older, wealthier, and male respondents Fig. 3 . Perceived most effective initiative across respondents with differing views on the most damaging stressor for Alabama oysters. (Fig. 5a ). Sanctuaries were perceived as the most effective initiative by 33% of all respondents and perceived most positively by individuals younger than age 40 (Fig. 5b) . In Louisiana, 53% of respondents were strongly supportive of restoration, which was more supported by white and other respondents than by black or African American, Hispanic, or Latino respondents (Fig. 6a) . Among these groups, restoration was even more supported by respondents older than age 34. Sanctuaries were strongly supported by 58% of the public, with individuals older than age 44 or with an annual household income higher than $60,000 more Fig. 4 . Support of stewardship initiatives across each stressor perceived to be a major cause of decline for Louisiana (a) and Texas (b) oysters. All of the shown stressors and initiatives were asked as individual questions; therefore, individual survey participants may fall in multiple categories.
supportive than younger, lower-income participants (Fig. 6b) . MPAs were strongly supported by 43% of the public, and even more popular among highly educated, younger females (Fig. 6c) . In Texas, restoration was again strongly supported by 53% of the public, with 65% of environmentally dependent respondents with at least some college education strongly supportive (Fig. 7a) . Sanctuaries were strongly supported by 61% of the respondents, with even greater support from environmentally dependent individuals with formal higher education (Fig. 7b) . MPAs were strongly supported by 43% of the public, with strong support most common among Hispanic or Latino and other nonwhite, black, or African American respondents (Fig. 7c) . Among white and black or African American respondents, strong support for sanctuaries was most common among individuals 35 years old or younger with an annual household income of more than than $60,000.
DISCUSSION
Accounting for and incorporating stakeholder values and perspectives remain common obstacles to successfully implementing conservation and ecosystem management initiatives (Biggs et al. 2011 ). This is especially true within the SES of oyster reefs and coastal societies, where heavy societal investment is often required to minimize the implicit trade-offs between harvest and ecosystem-services values. Our study focused on understanding how coastal societies value and perceive oyster reef ecosystem services, recognize and define causes of oyster population decline, and perceive and support alternatives and initiatives for enhancing sustainability. We found societal-level awareness of multiple ecosystem services, diminished population levels, and broad support for stewardship initiatives that promote both fisheries and environmental sustainability (Fig. 8) . However, our results also identified knowledge gaps and perceptions that could bottleneck publicly supported stewardship opportunities and result in further declines in ecosystem services if major stressors are not counteracted.
An important aspect of assessing the sustainability of an SES involves thinking broadly about how social settings may influence the interactions and outcomes of the system (Dietz et al. 2003 , Ostrom 2009 ). For exploited ecosystem engineers such as oyster reefs, this would likely require understanding how society and stakeholders value multiple ecosystem services, recognize natural and anthropogenic threats to sustainability, and prioritize the http://www.ecologyandsociety.org/vol19/iss3/art38/ Fig. 5 . Tree showing the most powerful predictors for explaining variability among individuals who perceived restoration (a) and spawning sanctuaries (b) as the most effective stewardship initiative in Alabama. The value shown within each oval is percent response for most effective, and separate branches within the tree indicate statistical differences at P ≤ 0.05.
trade-offs among values and initiatives. In the past, governments and societies have often undervalued or failed to recognize the importance of natural habitats and the ecosystem services they provide until after they have been degraded or lost (Chambers et al. 2007 , Daily et al. 2009 ). However, more recently, substantial attention has been paid to quantifying and ascribing economic values to goods and services provided by coastal habitats to promote better decision making (e.g., Brumbaugh and Toropova 2008 , Barbier et al. 2011 ). Our study clearly shows that there is high public awareness of and appreciation for a range of oyster reef ecosystem services, which were recently estimated to have a value of between $5500 and $99,000 per hectare annually . Within the northern GOM, numerous ecological studies have documented the ecosystem services provided by oyster reefs, which include water filtration, shoreline stabilization, and habitat for diverse communities of fishes and invertebrates (e.g., Piazza et al. 2005 , Stunz et al. 2010 , Humphries et al. 2011 , Scyphers et al. 2011 , Beseres et al. 2013 . We found that water filtration, habitat, and the buffering of shoreline erosion were widely recognized and valued by coastal society. However, oyster management strategies in the northern GOM and beyond have generally ignored or given only limited consideration to nonharvest ecosystem services as specific management objectives until recently. The results of our study, along with the valuations of oyster ecosystem services, point toward substantial societal and economic reasoning for developing management and stewardship strategies that consider services such as shoreline protection, habitat, and water filtration in addition to harvest values.
Our study also revealed that a high proportion of coastal residents recognize that oyster reefs have declined from a previously better condition. Across all three states, poor water quality or pollution , and MPAs as stewardship initiatives in Louisiana. The value shown within each oval is percent response for strongly support, and separate branches within the tree indicate statistical differences at P ≤ 0.05. was perceived as most responsible for oyster decline, whereas only respondents in Texas believed that overharvesting or ineffective management has been a major cause of oyster decline. In Louisiana, the low concern about overharvesting may result from relatively consistent landings. Across the broader region, the relatively low concern about overharvesting may represent a scenario in which subtle long-term stressors were simply overshadowed by more recent, visible, and/or dramatic stressors such as hurricanes and oil spills. Among the most notable recent stressors was the 2010 explosion and sinking of the oil rig Deepwater Horizon, which released an estimated 4.4 million barrels of oil into the Gulf of Mexico (Crone and Tolstoy 2010) . Because our Alabama survey was conducted six months after the incident, it is possible that this contributed to the common perception of poor water quality and pollution as the greatest cause of oyster decline. However, water pollution was also ranked first in Louisiana and Texas, and these surveys were conducted a year earlier in 2009. Considering that the western Gulf of Mexico is persistently affected by large-scale hypoxic events, often described as "dead zones," it is also likely that awareness of the detrimental impacts of agricultural and other nutrient pollution contributed to the high levels of concern.
The effects of hurricanes on oyster populations were also of great concern to respondents, although slightly less among those surveyed in Texas. All three states experienced a hurricane between 2008 and 2010, and the responses of Louisiana coastal residents may have been influenced by the destruction of Hurricane Katrina in 2005, which also involved the release of an estimated 8 to 9 million gallons of oil into coastal waters (Picou 2009 sediments and altering estuarine salinities, and the associated heavy rainfalls and attendant terrestrial runoff often trigger water-quality closures of oyster beds (Pine 2006) . Such closures are often highly publicized to ensure public safety and therefore may also influence public perception of the overall health of reefs. Disease, poor water quality, and predation are all documented causes of oyster mortality in the northern GOM (e.g., Brown and Richardson 1988 , La Peyre et al. 2003 , Soniat et al. 2012b ), but destructive and excessive harvesting has been proposed as the earliest and most dramatic cause of oyster reef decline (Kirby 2004) . The societal-level recognition of oyster decline is a positive indicator of support for improving the sustainability of the SES. However, if excessive or destructive harvesting is a significant problem, our study suggests that aggressive educational outreach may be required to create a more informed and supportive public.
A central objective of our study was to understand the underlying drivers of support for management and stewardship initiatives, which can be influenced by numerous socioeconomic, cultural, and political factors and experiences (e.g., Cinner 2005 , McClanahan et al. 2005 , Gelcich et al. 2008 , Scyphers et al. 2013 . The most common and recently proposed initiatives for oysters have included reducing fishing pressure, increasing habitat availability, developing spawning sanctuaries and MPAs, increasing educational outreach, and improving management of freshwater and pollution inflows. Across the region, participants were generally more supportive of sanctuaries and restoration http://www.ecologyandsociety.org/vol19/iss3/art38/ Along the U.S. Atlantic and Gulf coasts, large-scale reconstruction and enhancement of oyster reefs have been conducted with demonstrable success in meeting near-term restoration goals such as enhancing local recruitment of oyster larvae and stabilizing local oyster populations (Powers et al. 2009 , Schulte et al. 2009 ); however, restoration efforts require substantial investment from state, federal, and nonprofit organizations or industry, and invested costs are likely not recovered unless harvest is restricted, enabling a suite of ecosystem services to be recovered . Furthermore, if ineffective management and overharvesting are contributing to poor oyster reef condition, some other proposed and publicly well-supported management initiatives could potentially exacerbate oyster reef decline rather than mitigating or reversing negative trends. For example, if stricter fines and enforcement resulted in less pollution and cleaner waters and additional areas were opened to oyster harvest, new exploitation could further degrade oyster reef habitats in areas currently off limits and protected by default from harvest. This point is made not to detract from the obvious incentives for improving the condition of coastal waters, but instead to caution against further declines in oyster ecosystem services if future harvests are ineffectively regulated.
Our study focused on a few commonly considered strategies for recovering oyster populations, and the likely reality is that effectively sustaining oyster reefs for harvest and ecosystem service values will require innovative approaches that combine or extend beyond those currently in place. For instance, oyster aquaculture could provide a possible avenue for supplying market demands and maintaining the harvest-related services while also reducing fishing pressure on wild populations. Although logistical and geopolitical factors may challenge the broad-scale expansion of near-shore aquaculture in the future, a nascent industry already exists in Alabama (Coddington 2012) . Additionally, our study focused on environmental dependence within the broader social setting of the SES, and it is important to note that numerous other individual-level factors may influence sustainability or the outcome of any particular stewardship initiative (Picou and Marshall 2002, Scyphers et al. 2014) . For instance, the interactions of resource users, other stakeholders, and governance systems are an integral component of the SES and were recently the focus of a similar study (La Peyre et al. 2012) . The key findings of that study of oyster harvesters, shrimpers, environmental group members, and natural resource professionals were that restoring oyster reefs to enhance ecosystem services and initiating restrictions on harvest received much less support from oyster harvesters and shrimpers than from environmentalists and resource managers. Similar to the present study, La Peyre and colleagues also found that oyster harvesting was perceived as a lesser threat to oyster reefs. Collectively, historical relationships between stakeholders, resources, and governance systems may have long-lasting impacts on the sustainability of an SES Cinner 2012, Scyphers et al. 2014) , and the backstories of oysters and coastal communities vary greatly across the GOM and beyond (Dyer and Leard 1994) . http://www.ecologyandsociety.org/vol19/iss3/art38/ The decline of oysters resembles the decline of many other invertebrate fisheries that rapidly expanded and subsequently collapsed , Kirby 2004 , Anderson et al. 2011 ), but governmental and societal investments have led to successful and increasingly common recovery and restoration of oyster reefs (Powers et al. 2009 , Schulte et al. 2009 ). The northern GOM is a region exhibiting lesser declines than the rest of the globe (Beck et al. 2011) , and the three regions central to our study were estimated to have retained upwards of 50% of historical reef footprints (Zu Ermgassen et al. 2012) . However, many bays in the region have experienced substantial declines in overall biomass of oysters (Zu Ermgassen et al. 2012) , and numerous stressors threaten longer-term sustainability. Our empirical findings suggest that resource managers and policy makers in the northern GOM have strong public support for several initiatives, e.g., sanctuaries, restoration, that could benefit oyster SES sustainability. However, garnering support for less popular initiatives such as restrictions on harvest may require educating the public and stakeholders on the costs, benefits, and trade-offs of ecosystem management strategies if excessive harvest is occurring. Collectively, the societal, economic, and biophysical complexities of northern GOM oyster SES illustrate the need and public support for developing more comprehensive management schemes for exploited ecosystem engineers.
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